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between Acetophenoneoximes and Aldehydes
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Abstract: An efficient synthesis of 2,4,6-triarylpyridines is de-
scribed. Heating a mixture of an acetophenoneoxime and an alde-
hyde under solvent-free conditions afforded Krohnke pyridines in
excellent yields. In this method acetophenoneoximes are directly
used for the preparation of Krohnke pyridines under metal-free con-
ditions.
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The pyridine ring systems have attracted great attention
due to their unique position and board range of applica-
tions in various fields such as pharmaceuticals, agrochem-
icals, additives, and dyes.!"® Their saturated and partially
saturated derivatives are found in biologically active com-
pounds and natural products including NAD nucleotides,
vitamin B6, and alkaloids.>®

Among pyridines, multiaryl-substituted ones, especially
2,4,6-triarylpyridines (commonly named as Krohnke pyr-
idines),” have found widespread applications as
chemosensors® in asymmetric catalysis® and as photosen-
sitizors.!” These have been found to be useful for the syn-
thesis of DNA binding ligands in cancer therapy.'""'? They
are useful intermediates in the synthesis of drugs, herbi-
cides, insecticides, desiccants, and surfactants.'* Due to
their n-stacking ability along with directional H-bonding
capacity, these pyridines are important building blocks in
supramolecular chemistry.!* Hence their synthesis has re-
ceived considerable attention.

Since, Krohnke’s original report on the synthesis of 2,4,6-
triarylpyridines (TAP),” several new approaches have
been reported for the preparation of these pyridines.'?
More recently, much effort has been devoted to develop-
ing more efficient methods for the preparation of these
pyridines, especially direct condensation reactions of ace-
tophenones with aryl aldehydes and NH,OAc.'® However,
many of these approaches and methods suffer from some
drawbacks such as multistage processes, expensive cata-
lysts, long reaction times, using metal oxidants, low to
moderate yields of the products, and harsh or environmen-
tally hazardous reaction conditions. Therefore, a need still
exists for further development of new versatile routes for
the synthesis of 2,4,6-triarylpyridine.
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In 2011, Guan and coworkers reported a copper(I)-cata-
lyzed coupling of oxime acetates with aldehydes which
leads to the corresponding 2,4,6-triarylpyridines via a rad-
ical mechanism. The reactions were carried out in DMSO
in the presence of NaHSO; as additive and at 120 °C, and
the yields were in the range of 45-95% (Scheme 1)."”
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As part of our current studies on the design of efficient
methods for the preparation of heterocyclic compounds
from readily available starting materials,'® we have de-
scribed an efficient synthesis of TAP via a solvent-free re-
action between chalcones and NH,OAc."

Knowing the chemical and pharmacological importance
of the Krohnke pyridines, herein we report a new synthe-
sis of these pyridines. Thus, acetophenoneoximes 1 and
aldehydes 2 undergo a simple 2:1 addition reaction under
neutral and solvent-free conditions to produce 2,4,6-tri-
arylpyridines 3a—s in 85-96% yields (in respect to the
acetophenoneoxime 1). All the reactions were carried out
at 200 °C and reached completion within three hours.?’ 'H
NMR analysis of the reaction mixtures clearly indicated
formation of the corresponding TAP 3 in excellent yields.
The results are given in Table 1.

Mechanistically it is reasonable to assume that the first
step may involve nucleophilic addition of N-hydroxy en-
amine tautomer of the ketoxime 1b on the aldehyde 2 and
formation of the oxime aldol intermediate 4, which may
be dehydrated to form the o,B-unsaturated oxime interme-
diate 5. This intermediate could undergo Michael addition
of another ketoxime enamine tautomer 1b to yield adduct
6, which may be cyclized to tetrahydropyridine intermedi-
ate 7. This intermediate may undergo removal of a hy-
droxylamine molecule and dehydration to produce the
corresponding TAP 3 (Scheme 2).

In conclusion, we have developed a new reaction for the
preparation of 2,4,6-triarylpyridines which are of poten-
tial synthetic and chemical interest. Direct use of oximes
in place of oxime acetates, excellent yields of the prod-
ucts, use of simple and readily available starting materials,
neutral and solvent-free conditions without any need to
use additives are the main advantages of this reaction.
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Table 1 Solvent-Free Synthesis of 2,4,6-Triarylpyridines 3a—s
A2
NOH Q solvent-free fﬁ\
A NCHg Arz)J\H 200°C,3h  p P .
1 2 ’ reoNT A
3

Entry Product Ar! Ar? Mp (°C) (lit.) Yield (%)?

1 3a Ph Ph 136 (136-137)2 92

2 3b Ph 4-O,NC¢H, 200 (202-203)'% 87

3 3c Ph 4-MeC¢H, 124-125 (124.5-125)1% 95

4 3d Ph 4-MeOC4H, 101-102 (99-100)*' 96

5 3e Ph 4-BrC¢H, 104 (102-104)! 95

6 3f Ph 4-pyridyl 190-191 (187-190)" 90

7 3g Ph 2-furyl 169 (168-170)1° 91

8 3h Ph 2-thienyl 165 (165-166)! 94

9 3i 4-MeC:H, 4-MeC:H, 179 (178-180)*® 92
10 3j 4-MeC¢H, 4-CIC¢H, 201 (200.6-202)'>* 92
11 3k 4-MeOC4H, 4-BrC,H, 165-166 (163.9-165)15 94
12 31 4-MeOC4H, 4-CIC¢H, 115-116 (113.8-115)1 95
13 3m 4-MeOC¢H, 4-O,NC¢H, 143 (143.1-144.7)1% 90
14 3n 4-MeOC¢H, 4-MeOC4H, 135-136 (136-137)"°k 94
15 30 4-O,NC4H, 4-BrC4H, >300% 89
16 3p 4-O,NC.H, 4-O,NCH, >300%2 85
17 3q 4-FCH, 4-CICH, 209 (209.4-210.1)1 93
18 3r 2-pyridyl Ph 207-208 (210-211)% 93
19 3s 2-pyridyl 4-BrC¢H, 157-158 (154-156)% 89
# Isolated yield (in respect to the acetophenoneoxime 1).
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